Objective: To investigate whether the steady decline in the maternal essential fatty acids (EFA) status during pregnancy observed in Dutch pregnant women is a local or general phenomenon. Design: The EFA status was measured during uncomplicated, singleton pregnancy of healthy women from the Netherlands, Hungary, Finland, England and Ecuador. In addition, the EFA status of their neonates were measured at birth. Fatty acid pro®les were analyzed in phospholipids isolated from maternal plasma and from umbilical plasma and cord vessel walls. Results: Considerable differences between these centers were observed in the maternal EFA levels and EFA status indexes. However, the change in the absolute as well as relative amounts of the EFAs followed a similar course in the ®ve populations during pregnancy. The neonatal EFA pro®les re¯ected the differences found in maternal plasma during pregnancy and shortly after delivery. Comparable correlations were found, particularly, between the neonatal and the maternal n 7 3 fatty acids in the participating groups. Conclusions: It seems that the reduction in maternal EFA status during pregnancy is a general phenomenon, and is largely independent of differences in dietary habits and ethnic origin. Since the lowest values for certain maternal EFAs in a given country were signi®cantly higher than the highest value of these EFAs throughout pregnancy in other countries, the functional implications of the pregnancy-associated reduction in the maternal EFA status for the fetal and neonatal development is not obvious and needs to be further elucidated.
Introduction
Maternal nutrition is an important factor for growth of the fetus. In particular, low birthweight has been shown to be related to maternal malnutrition (Gabr, 1981) . In a study in mothers from low socio-economic class, the mothers whose babies were born with low birthweight (`2500 g) had signi®cantly lower intakes of dietary energy, especially fat, implying a low intake of essential fatty acids (EFAs) (Doyle et al, 1982) . Crawford et al (1989) found a strong relationship between birthweight and EFA intake of the mother. EFA play a crucial role during fetal growth and development, and are important components of all cell membranes, especially those in the brain and in the nervous and vascular systems (Clandinin et al, 1980; Innis, 1991; Martinez, 1992; Uauy et al, 1992) . In addition, they are of major importance in the maturation of the retina and the visual process .
In a longitudinal study in Dutch pregnant women, a decline in the overall maternal EFA status was observed , which indicates that the present dietary EFA intake of pregnant women is not adequate. However, this may be speci®c for the dietary situation in the Netherlands and, in order to obtain information from a wider variation in dietary compositions, we extended this study to areas with dietary habits different from that in the Netherlands. For this purpose, the essential fatty acid status in plasma phospholipids during pregnancy and shortly after delivery were compared in women from ®ve countries. In addition, the EFA status of their neonates were compared as well, based on fatty acid pro®les of umbilical plasma and vessel wall phospholipids. The results of the present longitudinal study are presented in this paper.
Maternal venous blood samples were collected in EDTA tubes before 18 weeks of gestation and at 22 and 32 weeks of pregnancy. Shortly after delivery, a maternal venous blood sample was collected, together with a blood sample from the umbilical vein and about 15 cm of the umbilical cord. Plasma was separated from red blood cells by centrifugation and each plasma sample was divided over plastic tubes which were tightly closed under nitrogen. The cord vessels were rinsed with saline and the cords packed into plastic bags. The plasma samples and the cord vessels were stored frozen (max. 740 C) and transported in dry ice to Maastricht for analysis.
The total population ®nally involved 50 Dutch, 55 Hungarian, 52 Finnish, 56 English and 26 Ecuadorian mothers and their neonates. All participants were Caucasians, except for the Ecuadorians, who were Mestizos. The protocol of the study was approved by the local Ethics Committees and written consent was obtained from each participant.
Fatty acid analysis
The fatty acid composition of phospholipids (PL) isolated from maternal and umbilical plasma, and from umbilical venous and arterial vessel walls was determined as previously described . All analyses were performed in the same laboratory. Brie¯y, after addition of an internal standard, L-a-dinonadecanoyl lecithin (PC 19:0), plasma total lipid extracts were prepared by a modi®ed Folch extraction method (Folch et al, 1957; Hoving et al, 1988) and PL fractions were isolated from the lipid extracts by using aminopropyl bonded phase columns (Kaluzny et al, 1985) . Heptadecenoic acid (17:1) was added to the samples to check for any carry-over of free fatty acids during the isolation of PL. The PL fractions were hydrolyzed and the fatty acids methylated with boron tri¯uoride in methanol (Morissen and Smith, 1964) . The fatty acid composition of the PL were then determined by capillary gas chromatography using a non-polar CPSil 5 CB column (Chrompack, Middelburg, the Netherlands), with N 2 as carrier gas.
Five-cm segments of the umbilical cords were used to isolate both umbilical arteries and the veins. The vessel walls were frozen in liquid nitrogen and pulverized. The pulverized samples were freeze-dried before lipid extraction according to the method of Bligh and Dyer (1959) . Further analytical procedures were similar to the plasma lipid extracts. Results are expressed in absolute amounts (mg fatty acid per L plasma or mg fatty acid per kg dry tissue) or in relative levels (% of total fatty acids, wt/wt).
Forty four fatty acids were identi®ed, but only the following fatty acids and sums of fatty acids are reported: 20:3n 7 9, 22:3n 7 9, 18:2n 7 6, 20:3n 7 6, 20:4n 7 6, 22:4n 7 6, 22:5n 7 6, 18:3n 7 3, 20:5n 7 3, 22:5n 7 3, 22:6n 7 3, sum of all n 7 7 and n 7 9 fatty acids ( n 7 7 n 7 9), sum of all n 7 6 fatty acids ( n 7 6), sum of the n 7 6 long chain polyenes ( n 7 6LCPs): 20:3n 7 6, 20:4n 7 6, 22:4n 7 6 and 22:5n 7 6, sum of all n 7 3 fatty acids ( n 7 3), sum of all n 7 3LCPs: 20:4n 7 3, 20:5n 7 3, 22:5n 7 3, 22:6n 7 3, sum of all saturated fatty acids ( SAFA), and sum of all mono-unsaturated fatty acids ( MUFA). In addition, three indices were calculated to describe the functional EFA status. The EFA index, de®ned by Hornstra et al (1992) as (n 7 3 n 7 6)/ (n 7 7 n 7 9), was calculated because an adequate supply of n 7 3 and n 7 6 fatty acids limits the desaturation of the non-essential n 7 7 and n 7 9 monoenes to their respective long chain polyenes. The cervonic acid de®ciency index, CADI: 22:5n 7 6/22:4n 7 6 (Holman, 1986; Neuringer et al, 1986) , and the cervonic acid suf®ciency index, CASI: 22:6n 7 3/22:5n 7 6 (Hoffman and Uauy, 1992) were used because a shortage of 22:6n 7 3 is accompanied by an increase in the conversion of 22:4n 7 6 to 22:5n 7 6, resulting in higher CADI and lower CASI values.
Statistical analysis
Data are presented as mean AE s.e.m. Clinical characteristics (continuous variables) of the study populations were compared by analysis of variance (ANOVA), post hoc tested with the Bonferroni procedure for multiple comparisons. The discrete clinical variables were compared with the Chisquare test.
Comparisons of the courses of the maternal essential fatty acids during pregnancy in the various centers were made by calculating for each participant the slope of the relation between gestational age (delivery excluded) and the fatty acid levels, using linear regression analysis. Possible differences in the average slopes and in the fatty acid levels (early pregnancy and after delivery) between the centers were tested with ANOVA, followed by the post hoc Bonferroni procedure.
Between-center differences in neonatal EFA status were studied by comparing the fatty acid compositions of PL isolated from umbilical venous plasma and venous and arterial cord vessel walls by means of ANOVA, followed by the Bonferroni procedure.
Relations between the maternal and neonatal EFA status were investigated by the use of multiple regression analysis, in which corrections for gestational age as a confounding factor were made, since the EFA status at birth is related to gestational age at birth . Corrections for possible effects of the countries were made as well. The slopes of the regression equations were tested for differences between the countries by using the F-test with 4 degrees of freedom. Because of the large number of comparisons made, P-values`0.01 were considered signi®cant.
Results

Clinical characteristics
In Table 1 , the relevant clinical information on the study populations is summarized. The Ecuadorian and Hungarian mothers were signi®cantly young (P`0.0001) than the other mothers. Moreover, the Ecuadorian mothers were signi®cantly shorter in comparison with the European mothers (P`0.0001). Although Hungarian mothers tended to have a lower prepregnancy weight and body mass index (BMI), this difference was not statistically signi®cant (data were not available for Ecuador).
The English mothers had the lowest diastolic blood pressure at entry (P`0.001) as compared with the Finnish and Hungarian women. Maximum diastolic blood pressure during pregnancy did not, however, differed between the ®ve groups. The baby's gestational age at delivery was similar in each of the groups. The Ecuadorian neonates were, however, signi®cantly shorter as compared with the Dutch (P`0.001) and the other neonates (P`0.0001). They also had the lowest birth weights, whereas the Finnish newborns had the highest birthweights (P`0.001). The Hungarian newborns were signi®cantly longer (P`0.0001) than the Dutch, English and Ecuadorian neonates and they Maternal and neonatal EFA status in phospholipids SJ Otto et al had the lowest Ponderal index as well. Apgar scores ®ve minutes after birth were signi®cantly lower (P`0.0001) in the neonates from Ecuador, England and Finland as compared with the neonates from Hungary. The newborn infants from Ecuador (P`0.001) and Finland (P`0.0001) had signi®cantly larger head circumferences than the Dutch and Hungarian newborns. The ratio of head circumference to birthweight as well as the head circumference to birth length ratio were signi®cantly (P`0.0001) higher in the Ecuadorian neonates as compared to the others, whereas the latter ratio was signi®cantly lower (P`0.0001) in the Hungarian neonates.
Maternal fatty acid composition
Early pregnancy: It appeared that the mean gestational age at which the blood samples were taken in early pregnancy differed between the ®ve groups (10.2±14.1 weeks of gestation). Therefore, in the comparative analysis the gestational age in early pregnancy of each participant was adjusted at 14 weeks with multiple regression analysis. In early pregnancy, signi®cant differences were observed between the centers for most of the fatty acids ( Table 2 ). The absolute amounts of 20:4n 7 6, 22:4n 7 6, 22:5n 7 6 and the n 7 6LCPs were signi®cantly higher (P`0.0001) in the Hungarians as compared to the other women. No signi®cant differences were found in the absolute amounts of n 7 6 fatty acids between the Dutch, English, and the Ecuadorian mothers. The concentrations of the n 7 3 fatty acids were highest in the Finnish samples and lowest in the Hungarian samples. Comparable amounts of these fatty acids were observed between the Dutch and Ecuadorian mothers, except for 18:3n 7 3 and 20:5n 7 3. The results for the relative fatty acid values, which can be calculated from Table 2 , were grossly comparable with that observed for the absolute amounts. Except for 18:2n 7 6 and 20:3n 7 6, the n 7 6 fatty acids levels were highest (P`0.0001) in the Hungarian mothers. No signi®cant differences were observed between the centers for the percentages of 18:2n 7 6. The relative levels of the n 7 3 fatty acids were highest (P`0.0001) in the Finnish mothers.
During pregnancy: In all centers the total fatty acid amounts in maternal venous plasma PL increased during pregnancy at the same rate, showing similar courses ( Figure  3 ). (Blood samples were not taken from the English mothers at 22 week). The absolute amounts of all the fatty acids considered increased during pregnancy (data not shown, but available on request). The changes in the amounts of these fatty acids were quite similar for the women in the ®ve countries; no signi®cant differences were found between the slopes, except for 22:4n 7 6, 22:5n 7 6 and 22:6n 7 3 ( Figure 1) . The rate at which 22:4n 7 6 and 22:5n 7 6 increased in the Hungarian group was signi®-cantly higher (P`0.0001) as compared to the Dutch, Finnish and English group, whereas the amounts of 22:6n 7 3 increased more rapidly in the Finnish mothers.
When expressed as percentages, almost all the essential fatty acids slightly declined during pregnancy. However, the levels of 18:2n 7 6 and 22:4n 7 6 hardly changed throughout gestation (data not shown, but available on request). The differences between the centers observed b the fatty acids differed signi®cantly between the countries, overall P`0.0001 (ANOVA) unless mentioned otherwise: c P`0.001, d P`0.005. n 7 6LCPs: long chain polyenes (20:3n 7 6, 20:4n 7 6, 22:4n 7 6 and 22:5n 7 6); n 7 3LCPs: 20:4n 7 3, 20:5n 7 3, 22:5n À 3 and 22:6n À 3; SAFA: sum of all saturated fatty acids;
MUFA: sum of all mono unsaturated fatty acids; EFA index: (n 7 3 n 7 6)/ (n 7 7 n 7 9); CADI, cervonic acid de®ciency index, 22:5n 7 6/22:4n 7 6; CASI: cervonic acid suf®ciency index, 22:6n 7 3/22:5n 7 6. Bonferroni test (signi®cant at P`0.001):
a: signi®cantly different from the Dutch group. b: signi®cantly different from the Hungarian group. c: signi®cantly different from the Finnish group. d: signi®cantly different from the English group. e: signi®cantly different from the Ecuadorian group.
Maternal and neonatal EFA status in phospholipids SJ Otto et al for the n 7 3 and n 7 6 fatty acid concentrations in early gestation, largely persisted throughout pregnancy. The patterns for the changes over time of these fatty acids were grossly comparable between the different populations, with the exception of n 7 6LCPs (Figure 2) , which decreased at signi®cantly (P`0.001) higher rates in the Hungarian mothers in comparison with the Finnish mothers. The cervonic acid de®ciency index (CADI) increased in all centers during gestation (Figure 3) . In early pregnancy, the level of this index was signi®cantly higher (P`0.0001) in the Hungarian women and accompanied by the lowest cervonic acid suf®ciency index (CASI) as compared to the Dutch, Finnish and English women. The Finnish CASI levels were the highest and showed the strongest decline during pregnancy (Figure 3) , whereas the Hungarian CASI hardly changed throughout pregnancy.
The EFA index ( (n 7 3 n 7 6)/ (n 7 7 n 7 9)) declined continually in all countries, the levels being lower in the English and the Finnish populations compared to the others. 
Maternal and neonatal EFA status in phospholipids SJ Otto et al
After delivery: After a progressive increase in the total fatty acids amounts during pregnancy, lower levels were observed in the Dutch and English population after delivery. The total fatty acid amounts in the Finnish and Hungarian populations were still increased after delivery, whereas they did not change any further in the Ecuadorian women ( Figure 3 ). The absolute amounts and the relative levels of 20:4n 7 6, 22:4n 7 6, 22:5n 7 6 and the n 7 6LCPs in maternal plasma PLs of the Hungarian mothers were still signi®cantly higher (P`0.0001) as compared to the others after delivery ( Table 3 ). The differences observed in the concentrations of the n 7 3 fatty acids did not change after delivery; these fatty acids were still highest in the Finnish mothers, whereas comparable levels were found in the Dutch, English and Ecuadorian mothers. The relatively low n 7 3 status of the Hungarian women was also observed after delivery. Relative levels (% of total fatty acids) of 22:5n 7 6, 22:6n 7 3, the sum of the n 7 6 long chain polyenes ( n 7 6LCPs) and the sum of the n 7 3 long chain polyenes ( n 7 3LCPs) in maternal venous plasma phospholipids during pregnancy and shortly after delivery, D. For the sake of clarity, s.e.m.s have been omitted. *c: slope signi®cantly different from the Finnish group (P`0.0001). Á Á Á Á & Á Á Á Á Netherlands Á Á Á Á & Á Á Á Á Hungary ±R± Finland ±*± England ÀÁÀ*ÀÁÀ Ecuador.
Neonatal fatty acid composition Umbilical venous plasma: Table 4 shows the fatty acid composition (mg/L) of the PLs isolated from the umbilical venous plasma. The mean total fatty acid amounts were signi®cantly higher in Hungarian (P`0.0001) and the English (P`0.001) neonates compared to the Finnish and Dutch neonates. The differences observed between the countries for the amounts of the n 7 6 fatty acids generally re¯ected the differences found in maternal plasma shortly after delivery. Almost all the fatty acids of the n 7 6 family were higher in the Hungarian neonates as compared to the Figure 3 Mean concentration of the total fatty acids amounts (mg/L) and the EFA index ( (n 7 3 n 7 6)/ (n 7 7 n 7 9)), the cervonic acid de®ciency index (CADI: 22:5n 7 6/22:4n 7 6) and the cervonic acid suf®ciency index (CASI: 22:6n 7 3/22:5n 7 6) calculated of fatty acids from maternal venous plasma phospholipids during pregnancy and shortly after delivery, D. For the sake of clarity, s.e.m.s have been omitted. Á Á Á Á & Á Á Á Á Netherlands Á Á Á Á & Á Á Á Á Hungary ±R± Finland ±*± England ÀÁÀ*ÀÁÀ Ecuador.
Maternal and neonatal EFA status in phospholipids
SJ Otto et al others. The concentrations of the n 7 6 LCPs were lowest in the Finnish newborns, except for 20:3n 7 6. These observations also hold for the relative levels of the n 7 6 fatty acids. In contrast to the mothers, the absolute amounts of n 7 3 fatty acids were higher in the English neonatal samples. Except for 20:5n 7 3, the n 7 3 LCPs were signi®cantly higher in the English samples (P`0.001) as compared to the Dutch, Hungarian and Ecuadorian samples. On the other hand, the relative levels of the n 7 3 fatty acids were higher in the Finnish neonates as compared to the neonates from the four other countries (data not shown). The latter is quite similar to the results of the relative levels of the maternal n 7 3 fatty acids after delivery.
Umbilical veins:
The fatty acid composition (mg/L) of the venous vessel wall PL is shown in Table 5 . Analysis of variance revealed that between the ®ve groups signi®cant differences existed for both the absolute amounts and the relative levels of the individual fatty acids. The concentrations of the n 7 6 LCPs were lower in the Dutch neonates, but expressed as percentages, the levels of 20:4n 7 6 and 22:4n 7 6, were signi®cantly higher (P`0.001) in the Dutch neonates than the neonates from Finland, England and Ecuador (data not shown).
The concentrations of n 7 3 fatty acids in the vein were quite variable in the different countries. Except for 20:5n 7 3, these fatty acids were higher in the Finnish neonates as compared to the others. The percentages of the n 7 3 fatty acids were also highest in the Finnish infants (data not shown). The absolute and relative levels of 20:3n 7 9 were lowest in the Dutch neonates and highest in Finnish and Ecuadorian infants. In addition, the concentration of 22:3n 7 9, the elongation product of 20:3n 7 9, was highest in the Ecuadorian veins as compared to the others, but differed signi®cantly (P`0.0001) from the Dutch samples only. The EFA index was highest in the Dutch infants, whereas the CASI levels were signi®cantly highest (P`0.0001) in the Finnish infants.
Umbilical arteries: Analyses of the total fatty acids of the umbilical arterial vessel wall PLs showed signi®cantly lower amounts in the Hungarian and the Dutch neonates as compared to the other infants (P`0.0001, Table 6 ). Signi®cant differences were also found between the countries for the absolute amounts of the EFAs.
Except for 22:5n 7 6, the percentages of the n 7 6 fatty acid in the arteries were higher in the Dutch neonates as compared to the others. It is apparent from the data of the arterial vessel walls, that, again, the Finnish newborns had the highest n 7 3 status as compared to the others, particularly as compared to the Hungarian infants, who had the lowest values. The concentrations and percentages of 20:3n 7 9 were signi®cantly higher (P`0.001) in the Ecuadorian arterial samples as compared to the Dutch samples, which contained the lowest levels of this fatty acid. In contrast to results from the absolute amounts, no signi®cant differences were observed between the centers for the percentages of 22:3n 7 9 in the arteries. The CASI levels of the Finnish infants were also signi®cantly higher in arterial vessel wall PL.
Relation between maternal and neonatal EFA status After correction of gestational age at birth and the effect of the countries, highly signi®cant and positive correlations (P`0.001) were found between the relative values of the See Table 2 for legends. Maternal and neonatal EFA status in phospholipids SJ Otto et al n 7 6 (r 0.35±0.61) and n 7 3 (r 0.39±0.48) fatty acidsmuch more n 7 6 than n 7 3 fatty acids. Furthermore, the average increase in the percentages of the neonatal n 7 3 fatty acids that accompanies an increase in the maternal n 7 3 fatty acids was shown to be highest in the population with the lowest maternal n 7 3 status (Hungary). This indicates that in case of low maternal n 7 3 levels every additional n 7 3 fatty acids in the maternal blood circulation preferentially goes to the fetus. Although large differences between the groups were observed with respect to the various maternal EFAs and EFA status parameters during pregnancy and after delivery, most of these variables followed comparable courses during pregnancy in the ®ve participating populations ( Figures 1±3). Its seems, therefore, that the reduction in the maternal EFA status during pregnancy is a general phenomenon, and is largely independent of differences between the populations in dietary habits and ethnic origin. Moreover, since the lowest values for certain maternal EFAs or EFA status parameters during pregnancy and after delivery in a given group were often higher than the highest values in some other group(s) throughout pregnancy, the functional implications of the pregnancyassociated reduction in the maternal EFA status for fetal and neonatal development are not obvious and need further study.
